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In this work, it is shown that during the transition from the DV Pchlide to the MV Pchlide biosynthetic state, DV Pchlide can be partially converted to MV Pchlide in barley, a DMV/ LDV plant species. Under similar incubation conditions, the conversion of DV Pchlide to MV Pchlide did not appear to take place in cucumber, a DDV/LDV plant species. The discovery of the ubiquitous occurrence of DV3 and MV Pchlides in higher plants (1, 3) has led to a reevaluation of the Chl biosynthetic pathway (14) . Protochlorophyllide is the main precursor of Chl in green plants. Considerable experimental evidence now indicates that, in higher plants, MV and DV Pchlides are formed from MV and DV Proto, respectively. via two parallel MV and DV monocarboxylic Chl biosynthetic routes (15, 17) .
Furthermore, on the basis of the MV or DV monocarboxylic biosynthetic routes that predominate at night or in daylight, higher plants have been observed to fall into one of four greening groups (3, 4, 15) , namely: dark divinylllight divinyl (DDV/LDV), dark monovinyl/light monovinyl (DMV/LMV), DMV/LDV, and DDV/ LMV. It has also been demonstrated that in etiolated DMV/ LDV plant species such as barley, which are poised in the MV Pchlide biosynthetic mode (3, 4) , the DV and MV monocarboxylic biosynthetic routes are strongly interconnected prior to DV Pchlide formation (15, 17) . On (8) . DV Pchlide was extracted and purified as described below.
Isolation of Plastids. Plastids poised in the DV Pchlide biosynthetic mode were isolated either from green photoperiodically grown tissues or from etiolated tissues partially greened for 5 h under white fluorescent light (4) (vide supra). Plastids were isolated as described elsewhere (7, 17) .
Incubation of Plastids with ALA or DV Pchlide. Incubation of isolated plastids was carried out at 28°C in darkness for 1 h in a reciprocating water bath at 50 oscillations per min (17) . Incubation was terminated by the addition of 15 ml of acetone: 0.1 N NH40H (9:1, v/v) to 3 ml of incubation medium.
Pigment Extraction. Partition of fully esterified and monocarboxylic tetrapyrroles between hexane and hexane-extracted acetone and transfer of Pchlide from hexane-extracted acetone to diethyl ether was described elsewhere (17) .
Separation of MV from DV Pchlide. The ether fraction containing Pchlide was dried under N2 gas, and the pigment was redissolved in 1 ml of ether. Methylation of Pchlide was achieved by adding 3 ml of freshly prepared diazomethane in ether to the Pchlide solution (2) . The (17) . Spectrofluorometry. Fluorescence spectra were recorded on a fully corrected, photon-counting spectrofluorometer model SLM 8000 DS, equipped with two red-sensitive, extended S20 photomultipliers (EMI 9658) and interfaced with a Hewlett-Packard microcomputer system, model 9825. Pigment solutions were monitored at room temperature in cylindrical microcells 3 mm in diameter. Conversion of the digital spectral data to quantitative values was performed automatically by the microcomputer, following the recording of the pertinent spectra. Low temperature fluorescence emission and excitation spectra of the ether extracts were recorded at 77 K in cylindrical sample tubes as described elsewhere (6) . The emission and excitation spectra were recorded at excitation and emission bandwidths of 4 nm unless otherwise indicated.
Spectrophotometry. Absorption spectra were recorded on an Aminco model DW-2 spectrophotometer, operated in the split beam mode. All spectra were recorded at a bandwidth of 2 nm.
Protein Determination. Total proteins were determined by biuret on aliquots of the plastid suspensions, after delipidation (11).
RESULTS
Experimental Strategy. Because of the kinetics of DV and MV Pchlide biosynthesis and accumulation in plant tissues (Fig. 2) , a direct demonstration of DV Pchlide conversion to MV Pchlide in vivo is not possible. In investigating this issue, we have therefore adopted a two-tiered approach. In a first step, it was determined whether the plastids extracted from the tissue under investigation can convert exogenous DV Pchlide to MV Pchlide. The results derived from such in vitro experiments are usually relevant to the biosynthetic activities of the tissue in vivo. This is a consequence of having demonstrated earlier that the biosynthetic activity of plastids extracted from a particular tissue, poised in a particular MV or DV Pchlide biosynthetic state, reflected adequately the biosynthetic activity of the tissue (4). Since the demonstration of a DV to MV Pchlide conversion in vitro gave no indication, however, of the extent of DV Pchlide conversion to MV Pchlide in vivo, this was investigated in a (10) . These rates are usually significantly lower than those exhibited by etioplasts prepared from kinetin + gibberellic acid (GA3)-pretreated tissues (7, 10), but much higher than the biosynthetic rates exhibited by mature chloroplasts. The latter are usually in the picomole range. (4) . Furthermore, in such plastids, the conversion of exogenous DV Pchlide to MV Pchlide was not observed (Table I, D and E) .
In Vivo Kinetics of MV and DV Pchlide Biosynthesis and Accumulation during Incubation in Darkness. Since the aforementioned results suggested that DV Pchlide may be convertible to MV Pchlide in green and greening barley seedlings, we undertook to investigate the possible extent of this DV to MV Pchlide in vivo conversion in barley. In deriving Eq. 1, it was assumed that for any dark time-interval t, to t2, the change in specific radioactivity of DV Pchlide and the formation of MV Pchlide were linear functions of time. Figure 2 depicts the changes of MV and DV Pchlide in green barley and cucumber seedlings during dark-incubation. In both photoperiodically grown barley and cucumber seedlings, the level of DV Pchlide underwent a significant decrease after an initial increase (Fig. 2 , Ab and Bb). On the other hand, the level of MV Pchlide increased continuously with time (Fig. 2 , Aa and Ba). Actually, over the full length of the dark-incubation period, the accumulation of MV Pchlide was quasi-linear with time. As a consequence, the assumption that, during any short dark-incubation interval t, to t2, the formation and accumulation of MV Pchlide was a linear function of time is a reasonable one. The same applies for the increase in specific radioactivity of DV Pchlide (Fig. 2 , Ac and Bc). Likewise, there was no reason to suspect a serious deviation from linearity for the decrease in specific radioactivity of DV Pchlide in cucumber after 6 h of dark incubation (Fig. 2, Bc) .
Determination of the Extent of in Vivo DV to MV Pchlide Conversion in Barley, a DMV/LDV Plant Species. Green barley leaves, poised in the DV Pchlide biosynthetic mode, were excised from photoperiodically grown seedlings in the middle of the light phase of the photoperiod (3). In order to induce the biosynthesis of The results of two experiments with green barley seedlings are reported in Table II , A and B. At all time intervals, the theoretical 14C incorporations into MV Pchlide that were to be expected if MV Pchlide was formed exclusively from DV Pchlide were much lower than the experimentally determined values. This in turn suggested either (a) that MV Pchlide was not being formed from DV Pchlide or (b) that MV Pchlide was being only partially formed from DV Pchlide, the balance being formed from other sources.
Since isolated barley chloroplast and etiochloroplasts poised in the DV Pchlide biosynthetic mode were capable of converting exogenous DV Pchlide to MV Pchlide in darkness (Table I , A-C), alternative (b) was considered more plausible than alternative (a). In this latter case, the proportion of MV Pchlide that was formed from DV Pchlide could not have exceeded, however, the maximum theoretical 14C incorporation values reported in Table II , A and B. Under these conditions, the maximum possible proportion of MV Pchlide formed from DV Pchlide could be calculated from the theoretical and experimental 14C incorporation values as described below. For example, in experiment A (Table II) peared to rise during the first hour of dark-incubation after which it decreased.
Essentially the same DV to MV Pchlide conversion pattern was observed in etiolated barley seedlings (Table II, (17) .
The results reported in this work complement and expand those reported in Tripathy and Rebeiz (17) . It is shown for the first time that barley chloroplasts and etiochloroplasts poised in the DV Pchlide biosynthetic mode are perfectly capable of converting exogenous DV Pchlide to MV Pchlide in darkness (Table  I) . It may be recalled that in such DMV/LDV plastids the transition from a DV Pchlide to a MV Pchlide biosynthetic mode occurs very rapidly in darkness, within the 60 min time frame of the in vitro-dark incubations (3, 4) .
Since the foregoing in vitro studies gave no indication of the possible extent of the DV to MV Pchlide conversion in barley seedlings, they were complemented by in vivo investigations. Kinetic analysis of radiolabel incorporation in barley leaves indicated that during the transition from the DV to the MV Pchlide biosynthetic state, MV Pchlide could be formed only in parts from DV Pchlide. The proportion of MV Pchlide formed from DV Pchlide appeared to undergo an initial rise at the beginning of dark-incubation and then decreased after 1 h in darkness (Table IL) . The decrease in the conversion of DV to MV Pchlide in darkness corresponded to the terminal stages of the DV to MV Pchlide transition, during which the MV monocarboxylic route became the preponderant biosynthetic route. This observation is compatible with the lack of conversion of DV Pchlide to MV Pchlide which is observed in isolated etioplasts poised in the MV Pchlide biosynthetic mode (17) .
Altogether, the foregoing in vitro and in vivo results suggest rather strongly that in DMV/LDV plant species such as barley, the conversion of DV Pchlide to MV Pchlide becomes functional during transition from the DV to the MV Pchlide biosynthetic state. The DV to MV Pchlide conversion may then be visualized as one means of eliminating the excess DV Pchlide which is no longer needed as the plant settles into the MV Pchlide biosynthetic mode.
In cucumber, a DDV/LDV plant species, in which the MV monocarboxylic route does not become preponderant until after abnormally long dark-incubation periods (3), the possible conversion of DV Pchlide to MV Pchlide could not be demonstrated. Indeed, on the barley incubation-time scale, isolated cucumber etiochloroplasts were not capable of converting DV Pchlide to MV Pchlide in darkness. It was not possible to determine, however, whether during much longer dark-incubation periods, isolated cucumber etioplasts would be capable of converting DV Pchlide to MV Pchlide. On this longer incubation-time scale, in vivo experiments with cucumber cotyledons suggested that if DV Pchlide was indeed convertible to MV Pchlide, then the conversion of DV Pchlide to MV Pchlide would rise and fall during dark-incubation as was observed for barley (Table III) .
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